Cellular and molecular regulation of the immune system is exquisitely controlled in the brain and disrupted in neoplasia. Glioblastoma (GBM) has an immunosuppressive phenotype, and despite the accumulation of immune cells in the tumor microenvironment, tumor growth persists. Myeloid derived suppressor cells (MDSCs) are a class of immature immune cells that mitigate cytotoxic T cell responses and promote immunosuppression in a variety of cancers. MDSCs are increased in the peripheral blood of GBM patients, but their role in the GBM microenvironment is undefined. We observed co-localization between arginase (Arg1) producing immunosuppressive MDSCs and cancer stem cells (CSCs) in GBM patient specimens and xenografts, leading to the hypothesis that CSCs stimulate MDSCs to promote immunosuppression. Intracranial injections of CSCs into mice led to GBM formation, expansion of the Arg1-producing MDSCs within the marrow of GBM-bearing mice, and increased levels of MDSCs within the GBM microenvironment. CSC conditioned media increased Arg1 production of murine marrow MDSCs which were then able to modulate cytotoxic T cell responses in co-culture models. Screening of conditioned media revealed cytokines secreted selectively by CSCs that activated MDSCs suppression. Removal of CSC-secreted factors decreased MDSCs in the GBM microenvironment, increased cytotoxic T cell infiltration, and had a pronounced survival benefit. Peripheral targeting of MDSCs through a subtherapeutic dose of 5-fluorouracil (5-FU) in an immunocompetent syngeneic mouse model led to a similar phenotype to CSC-secreted factor removal in the GBM microenvironment, and an even greater survival benefit. Taken together, our results suggest a critical role of MDSC-mediated immunosuppression in GBM, a novel paradigm of immunomodulation by CSCs, and demonstrate that peripheral removal of MDSCs leads to increased T cell infiltration into GBM, and consequently suggest a novel chemotherapeutic strategy that is not generally toxic to bone marrow and that is not dependent on agents crossing the blood brain barrier.
